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The  remediation  of  aqueous  effluents  containing  indigo  carmine  (IC),  a highly  toxic  indigoid  dye  used
as  a textile  coloring  agent  and  an  additive  in  pharmaceutical  tablets  and  capsules,  was studied  using
four  promising  technologies:  Ultrasound  (US),  photo-Fenton  (PF),  TiO2 photocatalysis  (TiO2/UV)  and
electrochemical  oxidation  with  Ti/IrO2-SnO2-Sb2O5 as  anode  (EO).  The  main  degradation  pathway  was
determined  for each  system  tested.  Additionally,  the comparative  effects  of initial  pH  and  presence  of
chloride  ions  was  investigated.  The  results  showed  that  EO  of IC was  mediated  by  chloride,  whereas  IC
degradation  by  TiO2/UV  occurred  directly  in valence  band  holes  of  the  catalyst.  However,  with  PF  and

�

ndigo Carmine
ater treatment

lectrochemical oxidation
hoto-Fenton
iO2 photocatalysis
onochemical degradation

US systems  hydroxyl  radicals OH  played  the main  role.  In spite  of the  different  degradation  pathways,
acidic  pH  increased  the performance  of  all systems.  The  presence  of chloride  favored  the  efficiency  of  EO,
but inhibited  the  IC  removal  by  PF,  as  well  as  the  elimination  of Chemical  Oxygen  Demand  (COD)  by US
and  TiO2/UV.  The  results  showed  that,  under  working  conditions,  EO  with  Ti/IrO2-SnO2-Sb2O5 anodes  is
the  best  option  to  treat  IC in effluents  containing  a significant  concentration  of chloride  ions
. Introduction

Wastewater from textile industries frequently contains signif-
cant amounts of non-biodegradable dyes [1]. Most of these dyes
re toxic and potentially carcinogenic in nature and their removal
rom the industrial effluents is a major environmental concern [2].

One of the most widely used dyes in the textile industry is
ndigo carmine or acid blue 74 (3,3- dioxo-2,2-bis-indolyden-5,5-
isulfonic acid disodium salt) (Fig. 1), which is also used as an
dditive in pharmaceutical tablets and capsules and for medical
iagnostic purposes [3]. However, this highly toxic indigoid class
f dye is carcinogenic, and can lead to reproductive, developmen-
al, neuronal and acute toxicity and provoke tumors at the site of
pplication [4]. It is also known to cause mild to severe hyperten-
ion and have cardiovascular and respiratory effects in patients [5].
hus, the removal of indigo carmine from water and wastewater is
 need of the highest order.
Various technologies have been employed to remove IC from

ater and wastewater. Physical treatments such as adsorption on
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chitin and chitosan [6], and on charcoal from extracted residue of
coffee beans have been tested [7]. However, these physical sys-
tems only transfer the pollutants from the liquid to a solid phase,
requiring further treatment and thereby increasing the cost of the
process. Other systems, such as incineration, are costly and in most
cases can lead to the generation of air pollutants and greenhouse
gases [8]. Thus, it is necessary to look for economical and efficient
alternative methods for IC degradation.

In the recents years advanced oxidation processes (AOPs)
have appeared as interesting alternatives for treating water con-
taining organic pollutants [9–12]. The common denominator of
all AOPs is the production and use of hydroxyl radical, which
is considered the most powerful oxidizing agent in aqueous
phase (E◦=2.8 V/SHE, standard hydrogen electrode). Fenton, photo-
Fenton system, Photocatalysis, Ultrasound and electrochemical
oxidation using BDD are among the most used AOPs.

Some AOPs have been used for IC degradation in water. Vau-
tier et al., 2001[13] studied the degradation of indigo and indigo
carmine (64 �M)  by TiO2/UV and achieved a complete mineral-
ization of the dye. Some details on IC degradation mechanism

indicated that the main intermediaries formed are carboxylic acids
that via photo-Kolbe reaction are the main source of CO2 evolution.
Barka et al., 2008 [14] showed that there is an effect of tempera-
ture and pH on IC degradation rate by TiO2/UV. On the other hand,
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Fig. 1. Chemical structure of indigo carmine dye (IC).

mmar et al., 2006[15] demonstrated that anodic oxidation by
oron-doped diamond (BDD) electrodes can be applied in reme-
iation of wasterwater containing IC (1929 �M, 0.05 M Na2SO4).

n this study, IC degradation rate was shown to increase signifi-
antly with the increase in IC concentration and current density;
lso, that the pollutant degradation was higher at alkaline pH. T.
akuta et al., 2013 [16] reported IC degradation by Ultrasound

42.88 �M).  The variation in the applied potency and the flow and
ype of dissolved gas affected significantly the dye degradation in
ater. In a comparative study of different techniques of advanced

xidation, Ureña de Vivanco et al., 2013 [17] studied IC degradation
22.5 �M)  by UV/H2O2, Photo-Fenton and electrochemical oxida-
ion using BDD anodes, and achieved a total dye removal requiring

 different amount of energy for each process.
Flox et al., 2006 [18] studied IC degradation (1929 �M)  by

lectro-Fenton and photo-Electro-Fenton in acid medium (pH 3). A
seudo-first-order kinetics was determined for these systems. The
lectrochemical oxidation of IC using cylindrical Pb/PbO2 anodes
as performed by El-Ashtoukhy, 2013 [19] who studied the effect

f a supporting electrolyte, pH and IC concentration. The use of this
ystem resulted in a total removal of IC and 82% of chemical oxygen
emand (COD).

Both EO and AOPs have reported good efficiencies for the treat-
ent of effluents from textile wastewaters. However, each system
ith its unique characteristics and advantages, offers several ways

o generate different oxidizing species, which are also strongly
nfluenced by water composition. Thus, wastewater characteristics

ay  either inhibit or enhance the degrading action of the processes
20,21]. An understanding of the main degradation pathway, as well
s of the effect of critical parameters, such as pH and matrix compo-
ition, during the treatment is essential to evaluate the applicability
f each system. Because blue denim laundry industrial wastewa-
er shows variable chloride concentrations and pH, the main goal
f this work is to evaluate the influence of chloride and pH on
he degradation of IC dye by photo-Fenton, TiO2 photocatalysis,
igh frequency ultrasound and electrochemical oxidation using a
SA anode (Ti/IrO2-SnO2-Sb2O5). We  also propose here the main
egradation pathway of each process.

. Experimental

.1. Chemicals

Titanium dioxide Degussa P-25 with a surface area of 50
2g −1 (size ∼20-30 nm)  was used as provided. IC and hydro-

en peroxide (30% for analysis) were purchased from Meyer.
odium sulfate (Na2SO4), sodium chloride (NaCl), potassium iodide
KI), ammonium heptamolybdate ((NH4)6Mo7O24.4H2O), ferrous
ulfate heptahydrate (reagent grade) and sodium bicarbonate
NaHCO3) were obtained from Merck. Sulfuric acid and sodium
ydroxide, used to adjust the pH as required, were purchased from
igma Aldrich and Carlo Erba, respectively. A 2 mM stock solu-
ion of IC in distilled water was prepared and diluted to 42.88 �M

−1
20 mg  L ) for individual experiments. The selection of dyestuff
oncentration was based on a suitable pollutant concentration
or the analytical test (COD and dye evolution) over a significant
imescale (neither too short nor too long).
ica Acta 140 (2014) 427–433

2.2. Reactor setup

Tests by photo-Fenton (PF), TiO2 photocatalysis (UV/TiO2) and
electrochemical oxidation were carried out in a cylindrical glass
Pyrex compartment of 150 mL  of volume. Photo-Fenton and TiO2
photocatalysis experiments were carried out in an 80-cm2 camera
illuminated from the top with a set of 5 cylindrical Phillips UV lamps
(emission maximum at 365 nm), delivering 150 W of total electric
power.

In a typical TiO2 photocatalysis run, 1 g L−1 of TiO2 was added
to the reaction mixture and the suspension was left for 2 h in
the dark to ensure complete equilibration of pollutant adsorp-
tion/desorption on the catalyst surface. After that period of time,
the UV lamp was  turned on, and this was taken as time zero for
the reaction. The reaction set was sampled periodically and filtered
with 0.45 �m Millipore filters. During IC degradation by photo-
Fenton, iron and hydrogen peroxide concentrations were 5 and
69.1 mg  L−1 respectively. The iron concentration (5 mg L−1) was
established according to Colombian legislation for residual waters
(ordinance 1594 of the Colombian Department of Agriculture). It
has been reported that during photo-Fenton, optimal hydrogen
peroxide concentration is 10 to 25 times the iron concentration
[22,23]. Therefore, a H2O2/Fe2+ ratio of 23 was  selected in this work.

The source of ultrasonic irradiation was  a piezoelectric disc
(diameter 4 cm)  fixed on a Pyrex plate (diameter 5 cm)  at the
bottom of a batch home-made reactor (300 mL). Electrical ultra-
sonic power was adjustable to 60 W,  while the frequency was  fixed
at 634 kHz. The temperature of the tank was  controlled through
a cooling jacket at 20 ± 1 ◦C and displayed by a thermocouple
immersed into the solution. Ultrasonic energy dissipated in the
reactor (50% of the electrical power input) was estimated by the
calorimetric method.

Electrochemical experiments for IC oxidation were carried out
in a 150 mL  one-compartment electrolytic cell. The anode was a
DSA-type electrode (Ti/IrO2-SnO2-Sb2O5) of 4 cm2 area, which was
in contact with the aqueous solution of the substrate. The current
density was 7.5 mA  cm−2. The DSA electrode was  prepared by the
Pechini method according to Pérez et al., 2008 [24]. The cathode
was a 10-cm long zirconium spiral. The system was maintained
under constant stirring at 150 rpm.

An aqueous solution with 0.05 M sodium chloride (or sodium
sulfate) was introduced into the reactors, in order to have a typ-
ical concentration of these species as in effluents from the textile
industry [25]. As needed, the solutions were made either alkaline by
the addition of aqueous NaOH or acidic by adding aqueous H2SO4
solutions. Experiments were done at least by duplicate and 2 mL
aliquots were periodically sampled for UV visible IC quantification,
COD analysis, and oxidant determination.

2.3. Analysis

Quantitative analysis of IC was done by UV visible spectroscopy
in a Spectronic UV/Vis Jenway 6320D spectrophotometer set at
611 nm.  Evolution of hydrogen peroxide and chlorinated oxidizing
species was  determined iodometrically: aliquots taken from the
reactor were added to a quartz cell containing potassium iodide
(0.1 M)  and ammonium heptamolybdate (0.01 M).  The absorbance
was recorded at 350 nm after 2 minutes of reaction. To avoid
interferences, absorbance of the dye was also measured at 350 nm,
under the same conditions, and the obtained value was  taken
into account to the quantification of these oxidative species. COD
measurements were carried out according to the closed reflux

titrimetric method (Standard Methods for the Examination of
Water and Wastewater, Method 5520), using a dichromate solu-
tion as an oxidizer in a strong acid medium [26]. Test solution was
transferred into the dichromate reagent and digested at 150 ◦C for
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Fig. 3. Evolution of IC and COD normalized concentrations during Fenton and Photo-
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 h. Optical density for color change of the dichromate solution
as determined at 420 nm after having completed the calibration

f the spectrophotometer.
Cyclic voltammetry experiments were carried out in a single-

ompartment three-electrode cell using an Autolab PGSTAT 30. The
ounter electrode was a zirconium spiral, the reference electrode
as Ag/AgCl(s)/KCl(sat), and the working electrode was the DSA

node described previously. The potentials were applied starting
rom the open circuit potential (OCP) (0.6 V/SHE) in the poten-
ial range (-0.5 to 2.0 V/SHE). The experiments were performed at
oom temperature under nitrogen atmosphere with 7 mL  of solu-
ion (1 mM of IC in 0.05 M NaCl).

. Results and discussion

.1. Degradation of indigo carmine by AOPs

.1.1. Sonochemical degradation of indigo carmine
Sonochemical degradation of organic compounds involves the

se of ultrasonic waves to generate acoustic cavitation. As a result
f this phenomenon, localized hydroxyl radicals from water and
xygen dissociation are generated (Eqs. 1-4) [27].

2O+)))) → H�+�OH (1)

2 → 2O� (2)

� + H2O → 2� OH (3)

� + O2→�OH+�O (4)

The ultrasonic degradation of IC in distilled water is shown in
ig. 2. Under operating conditions (60 W,  20 mg  L−1 IC, natural pH
.6) ∼50% of initial pollutant is removed in 1 h of treatment. There
re three zones in which the degradation of organic compounds

an be carried out upon ultrasonic action: inside the cavitation
ubble, where pyrolysis is predominant; at the bubble-solution

nterface, where the degradation occurs via hydroxyl radicals and,
n some cases, by pyrolysis; and in the bulk of the solution, in

ig. 2. Evolution of indigo carmine (IC) and COD normalized concentrations during
ltrasonic action. The role of H2O2 on IC and the H2O2 accumulated during the
ltrasonic action is also shown. Conditions: IC 20 mg  L−1, natural pH 5.6, 60 W and
34 kHz.
Fenton degradation processes. The role of UV and UV/Fe2+ in the process and the
H2O2 accumulated during the Photo-Fenton system is also shown. Conditions:
20  mg  L−1 IC, pH 5.6, 69.1 mg L−1 H2O2, 5 mg L−1 Fe 2+ and 150 W.

which organic degradation occurs via hydroxyl radical or hydro-
gen peroxide, mainly coming from �OH radical recombination (Eq.
5) [28–30].

�OH + �OH → H2O2 (5)

In order to elucidate the main degradation pathway using
ultrasound, the hydrogen peroxide accumulation during water son-
ication was evaluated in the presence and absence of IC. Fig. 2
also shows that in both cases a linear accumulation of hydrogen
peroxide is observed. However, H2O2 accumulation is significantly
higher in the absence than in the presence of IC. In fact, after 1 h
of treatment, H2O2 concentration reaches 88 and 64 �mol  L−1, in
the absence and presence of IC, respectively. A control test (Fig. 2)
showed that under working conditions, IC is stable towards oxi-
dation with hydrogen peroxide. Thus, given the low volatility of
the IC, the results suggest that the contaminant is degraded mainly
by hydroxyl radicals formed during the implosion of gaseous cavi-
ties. In fact, a high degradation rate between IC and �OH has been
reported (k = 1.8 × 1010 M−1s−1) [31]. Fig. 2 also shows that after 1 h,
25% of the initial COD is eliminated. The preceding results indicate
that ultrasonic action, via �OH radical attack, is able to transform
IC into more oxidized by-products.

3.1.2. Photo-Fenton degradation of indigo carmine
Photo-Fenton oxidation of IC was  carried out at natural pH (5.6),

69.1 mg  L−1 (2.03 × 10−3 M)  of H2O2, 5 mg  L−1 (9.09 × 10−5 M)  of
Fe2+ and 150 W.  Under experimental conditions a rapid decrease
of the dye was achieved. In fact, in ∼40 seconds the concentration
of the dye was  below the detection limit (Fig. 3). The role of each
component in this reaction (UV, H2O2, Fe2+/UV and Fe2+/H2O2) was
examined in several control experiments (Fig. 3). UV light alone
had no effect on IC elimination, even after relatively long irradi-

ation periods (60 min). It demonstrates a marked stability of the
dye under UV irradiation. Fig. 3 also shows that Fe2+ and light
combination does not significantly degrade the pollutant. Thus it
follows that neither iron nor light alone, or even the combination
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f both, affect the concentration of IC in solution. Additionally, the
tability of the contaminant towards hydrogen peroxide action was
roved and discussed in the previous section (Fig. 2). It is interest-

ng to note that IC elimination by Fenton and photo-Fenton were
ery fast and quite similar (Fig. 3). Therefore, the results indicate
hat, under working conditions, the hydroxyl radical is the main
xidizing agent in the photo-Fenton process.

On the other hand, although the removal of the dye is very fast,
s shown in Fig. 3, the chemical oxygen demand is not eliminated so
asily. Indeed, ∼42% of COD is eliminated in 30 min  and no further
OD diminution is observed in the next 30 min  of treatment (1 h).
his behavior seems to be related to a huge decrease in hydrogen
eroxide concentration after 30 min. Thus, under working condi-
ions, hydrogen peroxide seems to be the limiting reagent for the
hoto-Fenton process.

Greater efficiencies in the degradation of the contaminant with
espect to those achieved by ultrasound, may  be explained by the
ydrophilic character of the pollutant and the homogeneous char-
cter of the Fenton and photo-Fenton systems, which facilitate the
ontact between the pollutant and the �OH radicals generated in
he bulk of the solution.

Finally, even if Fenton and photo-Fenton were quite similar for
he removal of the dye, as observed in Fig. 3, efficiencies in the
limination of the COD were significantly different. In the absence
f light (Fenton system), only ∼15% of the initial COD was removed
n 30 min  compared with ∼42% removal using the photo-Fenton
reatment. This indicates that UV light plays a relevant role in the
ransformation of the degradation intermediates. This is an impor-
ant aspect because the generated by-products could be more toxic
han the initial pollutant and then, the only abatement of IC is not
ufficient in the treatment processes.

.1.3. TiO2 photocatalytic degradation of indigo carmine
The use of TiO2/UV system to treat wastewater has been success-

ully tested in recent years in both lab and pilot scale applications
32]. The degradation of the IC dye upon TiO2/UV was tested and is
hown in Fig. 4. Studies in the dark, indicated that the adsorption-
esorption equilibrium of the dye on the catalyst surface was
chieved after ∼90 min. It was found that ∼25% of the initial sub-
trate was adsorbed on the TiO2 surface (data not shown). Thus,
fter 2 h of stirring in the dark, the solution was irradiated at 365 nm
nd 150 W of electrical power; within the first 30 min  of irradiation,
2% of the IC was eliminated (Fig. 4). Degradation of contaminants
y TiO2 photocatalysis can be carried out in two ways: by photo-
eduction or photo-oxidation at either conduction or valence band,
espectively. Fig. 4 also shows that 23% of the initial COD was
emoved in 1 h of treatment. The significant IC oxidation degree
ules out the photo-reduction route as the main IC degradation
athway. On the other hand, during photo-oxidation, the contami-
ant can be directly oxidized either at the valence band holes (h+

BV ),
r by hydroxyl radicals, generated from water and hydroxyl ions
dsorbed at the holes (Eq. 6-7).

iO2 + hv → e−
CB + h+

BV (6)

H2O ↔ H++OH−)ads + hv+
BV → H++�OH (7)

The photo-generated holes are strong oxidizing agents (2.53 V
s. SHE) and can therefore degrade organic pollutants [33]. In order
o identify the main IC oxidation pathway upon the TiO2/UV sys-
em, acetonitrile was used as a reaction medium. In acetonitrile,
OH radicals cannot be formed due to the absence of water or
ydroxyl ions in solution. Thus, if IC oxidation occurs via hydroxyl

adicals, no degradation of the substrate would be observed when
cetonitrile is used as solvent. Fig. 4 shows that the pollutant oxida-
ion is carried out in almost equal proportion in both aqueous and
cetonitrile media. This finding demonstrates that, under working
Fig. 4. Evolution of IC and COD normalized concentrations during the TiO2/UV
degradation of indigo carmine in water and acetonitrile as solvents. Conditions:
IC  20 mg L−1, natural pH 5.6, 150 W and 1 g L−1 of TiO2.

conditions, the main initial degradation of the dye by TiO2/UV sys-
tem may  be occurring via direct oxidation at the hole generated
in the valence band. These results are in agreement with previous
results, where the initial degradation by TiO2 photocatalysis was
suggested to occur via attack at the central double bond of IC, after
pollutant adsorption onto the catalyst surface [13]. This is prob-
ably due to the affinity of anionic sulfonic acid groups of the dye
(Fig. 1) with the positive holes at the valence band, which promotes
adsorption on the catalyst and subsequent oxidation.

3.2. Electrochemical degradation of indigo carmine

The presence of salts, commonly associated with wastewaters
from the textile industry, permits the use of EO as an alterna-
tive for treating these effluents. Therefore, sodium chloride, widely
employed in textile industries to fix the dye to the fabric, was
selected as supporting electrolyte. The results of electrochemical
degradation of IC are shown in Fig. 5. A rapid elimination of the
pollutant is achieved in 15 minutes of treatment. In addition, after
1 hour, 42% of COD was  removed. Fig. 5 also shows the formation
of oxidizing species during the electrochemical treatment. In the
absence of pollutant, the accumulation rate of oxidizing agents
is 17.9 �molL−1min−1, while in the presence of the contaminant
their accumulation rate is significantly lower (13.0 �molL−1min−1).
These results suggest that chloride present in solution has an active
role in the degradation of the substrate. Indeed, it has been reported
that in the presence of chloride, DSA anodes promote the forma-
tion of chlorine [34]. Hydrolysis of chlorine leads to the formation
of HClO and OCl−. Cl2, HOCl and OCl− are species able to oxidize
organic matter. Under working conditions (natural pH), HClO is the
predominant species and therefore, the main factor responsible for
the degradation of IC during the electrochemical treatment. To con-
firm this hypothesis a new set of experiments on IC degradation by

EO were made using sodium sulfate or sodium chloride (0.25 M)  as
supporting electrolytes (Fig. 6). The IC is practically eliminated in
40 s of treatment in the presence of chloride, whereas when using
sulfate only 15% of IC is removed even after 20 min of reaction. The
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Fig. 5. Evolution of IC and COD normalized concentrations during the electrochem-
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Fig. 7. Effect of chloride ions on the IC degradation by AOPs (PF, Photo-Phenton; US,
Ultrasound; UV/TiO2, Photocatalysis) and electrochemical oxidation (EO). rCl and rR
cal  oxidation (EO) of indigo carmine with a Ti/IrO2-SnO2-Sb2O5 anode. The oxidant
ccumulation during the treatment is also shown. Conditions: IC 20 mg L−1, 0.05 M
aCl, pH natural 7.5 mA cm−2.

ig. 6 inset shows that contrary to what is observed with the use
f chloride, no oxidizing species is generated in the case of sulfate.
hese results highlight the strong positive effect of chloride ions.
herefore, it can be concluded that under working conditions, the
lectrochemical oxidation of IC is carried out by HClO attack, which
s electro-generated from the chloride present in the solution.

.3. Comparative effect of NaCl on the degradation of indigo

armine by AOPs and electrochemical oxidation

In order to provide a comparative statement of sodium
hloride influence on the tested systems (ultrasound, TiO2/UV,

ig. 6. Evolution of IC normalized concentration during electrochemical degrada-
ion (anode: Ti/IrO2-SnO2-Sb2O5 at 7.5 mA  cm−2) of indigo carmine (20 mg L−1) in
queous solution containing NaCl and Na2SO4 as supporting electrolytes (0.25 M).
nset shows the evolution of oxidants during electrolysis.
are the initial degradation rate of IC in presence and absence of chloride, respec-
tively; while CODCl and CODR, represent the chemical oxygen demand in presence
and in absence of chloride ions, respectively.

photo-Fenton and electrochemical oxidation), the ratio between
the initial degradation rates of the dye in the presence and absence
of NaCl, rCl/rR, is shown in Fig. 7. The Fig. 7 also shows the ratio
of COD, CODCl/CODR, within the first hour of treatment in the
presence and absence of chloride ions.. As can be observed, when
ultrasonic system is used, the presence of sodium chloride does not
significantly diminish (only 5%) the sonochemical degradation of
IC. This is consistent with the accumulation of hydrogen peroxide
during sonication. The H2O2 initial rate of accumulation without
NaCl was 1.1 �molL−1min−1; whereas in the presence of chloride
ions, the accumulation of hydrogen peroxide was slightly reduced
to 1.0 �molL−1min−1 (9% lower - data not shown). Even if chloride
ions are recognized to be hydroxyl radical scavengers (Eq. 8)
[31], their inhibitory effect on IC elimination is not significant
because IC is closer to the cavitation bubbles than the chloride
ions.

Cl�+�OH → ClOH�− (8)

Interestingly, the inhibition of chloride ions on the COD removal
was significant (30%). This suggests that IC by-products are more
hydrophilic than the initial pollutant, so their removal is more hin-
dered by the presence of chlorides. The formation of by-products
more hydrophilic than the initial substrate has been commonly
reported when the main degradation pathway upon sonochemical
action occurs via hydroxyl radicals [27,35].

The detrimental effect of chloride on the IC removal by photo-
Fenton was  more evident than the one observed using ultrasound.
In the presence of chloride, 16% inhibition was found for IC elim-
ination, while inhibition on COD was 29% (Fig. 7). In addition to
the scavenger effect on hydroxyl radicals, chloride anions can form
complexes with Fe2+/Fe3+ ions (Eq. 9-11), thereby diminishing the
concentration of free iron ions, which are necessary for photo-
Fenton mechanism [36].

Fe2+ + Cl− ↔ FeCl+ (9)

Fe3+ + Cl− ↔ FeCl2+ (10)

Fe3+ + 2Cl− ↔ FeCl+2 (11)
Concerning TiO2 photocatalysis, section 3.1.3 shows that the
degradation of IC by UV/TiO2 is carried out directly at the holes
generated in the valence band and not by hydroxyl radicals, for
which reason, the negligible effect of chloride ions on the IC
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limination is expected (Fig. 7). However the Fig. 7 also shows a
trong inhibition (45%) on the COD parameter. Huge differences
ound in the IC and COD removals due to the effect of chloride
uggest that the main degradation route of the generated IC
y-products occurs via hydroxyl radicals.

Both the electrochemical elimination and oxidation of IC are
y far favored in the presence of chloride. Taking as reference
he rate observed when employing sodium sulfate as electrolyte,
he removal and oxidation of the dye increased ∼20 and ∼6
imes, respectively, when chloride was used. This behavior is
xplained by the high catalityc activity of the anode to trans-
orm chloride ions into oxidizing chlorinated species (Eq. 8-10).
hus, the results indicate that, among the systems tested, elec-
rochemical oxidation using DSA anodes is probably the most
uitable process to treat wastewaters containing high chloride
oncentrations.

.4. Comparative effect of Initial pH on the degradation of indigo
armine by AOPs and Electrochemical Oxidation

The pH is a parameter of great interest in wastewater treatments
ecause it can influence both the chemical structure of the con-
aminant and the reactivity of the process. In addition, it has been
eported that textile wastewater shows high pH variability. In order
o evaluate the effect of the pH, different solutions of the pollutant
t initial pH 2, natural pH (5.6) and pH 10 were evaluated for each
ne of the tested systems. IC has a pKa of 12.6 [15], so it can be
nticipated that in the range of all pH used, the IC structure remains
nchanged. Control experiments (data not shown) confirmed the
tability of the dye at the three pH values selected. The tests were
arried out in the presence of chloride to perform studies under
onditions closer to those found in real textile wastewater.

Fig. 8 shows, for all of the systems, the ratio between the initial
egradation rates under acidic or basic pH related to the initial rate
t natural pH. Some interesting differences among the degrada-
ion systems were observed. Degradation efficiency by ultrasound
s two times higher at acid pH compared to that performed at pH
0 or natural pH. As indicated, due to its hydrophilic character, IC is

ainly degraded in the bulk of the solution. Chloride ions, present

n the solution, can also react with hydroxyl radicals (Eq. 8). At acidic

ig. 8. Effect of pH on the IC degradation by AOPs (PF, Photo-Phenton; US, Ultra-
ound; UV/TiO2, Photocatalysis) and electrochemical oxidation (EO). rpH, initial
egradation at initial pH of 2 or 10; rpH natural, initial degradation rate at natural
H (5.6).
ica Acta 140 (2014) 427–433

pH, the following reactions, leading to the formation of Cl2�− (E0

redox = 2.20 V vs. SHE) are favored [37]:

ClOH�− + H+ ↔ Cl� + H2O (12)

Cl� + Cl− ↔ Cl�−
2 (13)

Even if the Cl2�− radical has a lower oxidative power than the
�OH radical, it has a longer lifetime, which allows a greater prob-
ability of reaction with the contaminant and as a result, enhances
the IC degradation.

During electrochemical treatment, 100% of IC was removed, in
all cases, within 15 minutes of treatment (data not shown). How-
ever, the initial degradation rate was  higher at extreme pH values
(2 and 10), Fig. 8, obtaining a greater rate at pH 2 (∼5 times higher
than at natural pH). The best performance observed at pH 2 is asso-
ciated with the favorable oxidation of chloride at this pH value (See
Supplementary Materials, Fig. SM 1).

The degradation by photo-Fenton also showed a marked
dependence on the pH (Fig. 8). In this case, the IC degradation at
pH 2 is slightly superior to that found at natural pH (5.6). Although
it is well know that the optimum pH for Fenton and photo-Fenton
systems is ∼3 [38], the results at natural pH are quite good com-
pared to those obtained at acidic pH. These results confirm that this
technique is also efficient at circumneutral pH, as has been recently
reported for the degradation of several pollutants [11,39]. On the
other hand, experiments at pH 10 were strongly hampered. The
latter is due to the precipitation of iron ions at basic pH values [40].

Photocatalysis with TiO2 showed to be quite similar at pH 2 and
natural pH (degradation rate ratio was  1.1, whereas at pH 10 the
initial degradation rate decreased considerably (Fig. 8). Titanium
dioxide is an amphoteric substance, with variable isoelectric point
depending on the method of synthesis. In the present work, the TiO2
used was Degussa P25 (70% anatase, 30% rutile), which reaches its
isoelectric point at pH ∼6.5. Thus, the pH of solution is expected
to affect the activity of TiO2 including the particle charge, size of
aggregates, form and positions of the valence, conduction bands,
etc. [41,42]. The TiO2 particles are positively charged below pH <6.5,
while at pH >6.5 the catalyst particles acquire a negative charge (Eq.
14-15). When photocatalytic treatment with TiO2 is performed at
pH 2, the protonated form of the catalyst predominates. Under such
conditions, the charge of TiO2 is opposite to that of IC. Therefore,
and due to the electrostatic attraction between IC and TiO2 parti-
cles, the absorption of the pollutant and its degradation is greater
[13]. At pH 10, both catalyst and pollutant are charged negatively
and then, because of the repulsion between them, lower rates of
degradation are obtained (Fig. 8).

TiOH + H+ ↔ TiOH+
2 pH < 6.5 (14)

TiOH + OH− ↔ TiO− + H2O pH > 6.5 (15)

4. Conclusions

The results presented in this work show interesting similarities
and differences between AOPs and electrochemical oxidation for IC
degradation in water. The main route of oxidation for ultrasound
and photo-Fenton was shown to occur via hydroxyl radicals, while
TiO2 photo-catalysis degradation occurred by direct oxidation at
the holes generated in the valence band. The results of electro-
chemical oxidation indicated that indirect degradation occurred
by action of chlorinated oxidative species, mainly HClO, electro-
generated at the electrode surface due to the oxidation of chloride
ion in solution. Under working conditions, photo-Fenton and elec-

trochemical oxidation were shown to achieve the degradation of
contaminant in a relatively short period of time.

The presence of chlorides in the matrix affected differently
the evaluated processes. This effect arises from the distinctive
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echanisms or degradation pathways presented in each case.
herefore, the presence of these ions was negative for processes
n which the oxidation occurred via hydroxyl radical in the bulk of
he solution. The most notorious inhibition effect of chloride ions
ccurred during the IC degradation by photo-Fenton, as well as dur-
ng the elimination of IC by-products (COD removal) by ultrasound
nd TiO2 photocatalysis. In turn, the electrochemical oxidation with
i/IrO2-SnO2-Sb2O5 anode, a technique that requires the presence
f a conductive medium was, as indicated, favored by chloride ions.

The pH directly affected the treatment systems in multiples
ays (e.g. type and concentration of oxidants generated, iron spe-

iation, titanium dioxide structure, etc.), but not the chemical
tructure of the contaminant. Acidic pH promotes the formation
f oxidizing species during electrochemical and ultrasound sys-
ems; in photo-catalysis, however, its influence is linked to the TiO2
urface charge, whose positive charge in acidic media favors the
dsorption and subsequent degradation of the anionic pollutant.
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treatment of carbofuran: Analysis of mineralization, toxicity, and organic by-
products, J. Environ. Sci. Health Part A47 (2012) 2141.

39] I. Carra, S. Malato, M.  Jiménez, M.I. Maldonado, J.A. Sánchez Pérez, Microcon-
taminant removal by solar photo-Fenton at natural pH run with sequential and
continuous iron additions, Chem. Eng. J. 235 (2014) 132.

40] J. Pignatello, Advanced Oxidation Processes for Organic Contaminant Destruc-
tion Based on the Fenton Reaction and Related Chemistry, Crit Rev in Environ.
Sci. Tecnhol. 36 (2006) 1.
41] T. Sauer, G. Neto, H. Jose, R. Moreira, Kinetics of photocatalytic degradation of
reactive dyes in a TiO2 slurry reactor, J. Photochem. Photobiol. A 149 (2002)
147.

42] B. Neppolian, M.  Shankar, V. Murugesan, Semiconductor assisted photodegra-
dation of textile dye, J. Sci. Ind. Res. 61 (2002) 224.

http://dx.doi.org/10.1016/j.electacta.2014.06.096
http://dx.doi.org/10.1016/j.electacta.2014.06.096
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0005
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0010
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0010
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0010
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0010
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0010
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0010
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0010
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0010
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0010
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0010
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0010
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0010
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0010
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0010
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0010
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0010
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0010
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0010
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0010
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0010
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0010
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0010
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0010
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0010
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0015
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0015
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0015
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0015
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0015
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0015
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0015
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0015
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0015
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0015
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0015
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0015
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0015
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0015
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0015
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0015
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0015
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0015
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0015
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0015
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0015
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0015
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0015
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0015
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0015
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0015
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0015
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0015
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0015
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0015
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0020
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0020
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0020
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0020
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0020
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0020
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0020
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0020
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0020
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0020
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0020
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0020
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0020
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0025
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0025
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0025
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0025
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0025
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0025
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0025
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0025
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0025
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0025
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0025
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0025
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0025
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0025
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0025
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0025
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0030
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0030
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0030
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0030
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0030
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0030
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0030
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0030
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0030
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0030
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0030
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0030
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0030
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0030
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0030
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0030
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0030
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0030
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0030
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0030
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0030
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0030
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0030
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0030
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0030
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0030
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0035
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0035
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0035
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0035
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0035
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0035
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0035
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0035
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0035
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0035
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0035
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0035
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0035
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0035
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0035
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0035
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0035
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0035
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0035
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0035
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0035
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0035
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0035
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0035
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0035
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0035
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0035
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0035
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0035
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0035
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0035
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0035
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0035
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0045
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0045
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0045
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0045
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0045
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0045
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0045
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0045
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0045
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0045
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0045
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0045
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0045
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0045
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0045
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0045
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0045
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0045
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0045
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0045
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0045
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0045
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0045
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0045
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0045
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0045
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0045
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0045
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0045
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0045
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0045
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0045
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0045
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0050
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0050
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0050
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0050
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0050
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0050
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0050
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0050
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0050
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0050
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0050
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0050
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0050
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0050
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0050
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0050
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0050
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0050
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0050
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0050
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0050
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0050
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0050
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0050
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0050
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0050
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0050
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0050
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0050
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0050
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0050
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0050
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0055
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0060
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0060
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0060
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0060
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0060
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0060
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0060
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0060
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0060
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0060
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0060
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0060
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0060
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0060
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0060
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0060
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0060
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0060
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0060
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0060
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0060
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0060
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0060
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0060
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0060
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0060
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0060
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0060
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0060
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0065
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0065
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0065
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0065
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0065
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0065
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0065
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0065
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0065
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0065
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0065
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0065
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0065
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0065
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0065
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0065
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0065
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0065
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0065
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0065
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0065
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0065
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0065
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0065
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0065
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0065
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0070
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0070
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0070
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0070
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0070
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0070
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0070
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0070
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0070
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0070
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0070
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0070
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0070
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0070
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0070
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0070
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0070
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0070
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0070
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0070
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0070
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0070
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0070
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0070
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0070
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0070
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0070
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0075
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0075
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0075
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0075
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0075
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0075
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0075
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0075
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0075
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0075
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0075
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0075
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0075
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0075
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0075
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0075
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0075
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0075
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0075
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0075
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0075
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0075
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0075
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0075
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0075
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0075
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0075
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0075
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0075
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0075
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0080
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0080
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0080
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0080
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0080
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0080
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0080
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0080
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0080
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0080
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0080
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0080
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0080
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0080
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0080
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0080
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0080
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0080
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0080
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0080
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0080
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0085
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0085
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0085
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0085
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0085
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0085
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0085
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0085
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0085
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0085
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0085
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0085
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0085
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0085
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0085
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0085
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0085
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0085
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0085
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0085
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0085
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0085
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0085
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0085
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0085
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0085
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0085
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0085
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0085
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0085
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0085
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0085
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0085
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0090
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0090
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0090
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0090
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0090
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0090
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0090
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0090
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0090
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0090
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0090
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0090
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0090
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0090
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0090
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0090
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0090
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0090
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0090
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0090
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0090
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0090
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0090
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0090
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0090
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0090
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0090
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0090
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0090
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0090
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0090
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0095
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0095
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0095
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0095
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0095
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0095
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0095
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0095
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0095
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0095
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0095
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0095
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0095
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0095
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0095
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0095
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0095
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0095
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0095
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0095
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0095
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0095
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0095
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0095
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0095
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0095
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0095
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0095
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0095
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0100
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0100
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0100
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0100
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0100
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0100
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0100
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0100
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0100
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0100
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0100
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0100
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0100
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0100
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0100
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0100
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0100
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0100
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0100
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0100
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0100
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0100
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0100
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0100
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0100
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0100
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0105
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0105
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0105
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0105
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0105
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0105
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0105
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0105
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0105
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0105
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0105
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0105
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0105
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0105
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0105
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0105
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0105
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0105
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0105
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0105
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0105
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0105
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0105
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0105
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0105
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0105
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0110
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0110
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0110
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0110
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0110
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0110
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0110
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0110
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0110
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0110
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0110
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0110
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0110
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0110
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0110
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0110
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0110
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0110
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0110
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0110
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0110
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0110
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0110
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0110
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0110
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0110
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0115
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0115
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0115
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0115
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0115
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0115
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0115
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0115
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0115
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0115
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0115
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0115
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0115
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0115
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0115
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0115
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0115
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0115
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0115
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0115
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0115
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0115
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0120
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0120
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0120
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0120
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0120
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0120
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0120
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0120
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0120
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0120
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0120
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0120
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0120
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0120
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0120
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0120
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0120
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0120
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0120
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0120
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0120
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0120
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0120
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0120
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0120
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0120
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0120
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0120
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0120
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0120
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0120
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0125
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0135
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0135
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0135
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0135
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0135
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0135
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0135
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0135
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0135
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0135
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0135
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0135
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0135
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0135
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0135
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0135
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0135
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0135
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0135
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0135
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0135
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0135
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0135
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0135
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0135
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0135
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0135
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0135
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0135
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0135
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0140
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0140
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0140
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0140
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0140
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0140
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0140
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0140
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0140
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0140
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0140
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0140
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0140
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0140
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0140
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0140
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0140
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0140
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0140
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0140
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0140
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0140
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0140
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0140
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0140
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0140
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0145
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0145
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0145
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0145
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0145
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0145
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0145
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0145
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0145
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0145
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0145
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0145
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0145
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0145
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0145
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0145
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0145
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0145
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0145
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0145
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0145
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0145
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0145
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0145
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0145
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0145
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0145
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0145
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0145
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0145
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0150
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0150
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0150
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0150
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0150
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0150
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0150
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0150
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0150
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0150
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0150
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0150
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0150
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0150
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0150
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0155
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0155
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0155
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0155
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0155
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0155
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0155
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0155
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0155
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0155
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0155
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0155
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0155
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0155
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0155
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0155
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0155
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0155
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0155
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0155
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0155
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0155
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0155
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0160
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0165
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0165
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0165
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0165
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0165
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0165
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0165
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0165
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0165
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0165
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0165
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0165
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0165
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0165
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0165
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0165
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0165
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0165
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0165
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0165
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0165
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0165
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0165
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0165
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0165
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0165
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0165
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0165
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0170
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0170
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0170
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0170
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0170
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0170
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0170
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0170
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0170
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0170
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0170
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0170
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0170
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0175
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0180
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0185
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0190
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0190
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0190
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0190
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0190
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0190
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0190
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0190
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0190
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0190
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0190
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0190
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0190
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0190
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0190
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0190
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0190
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0190
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0190
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0190
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0190
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0190
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0190
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0190
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0190
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0190
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0190
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0190
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0190
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0190
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0190
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0195
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0195
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0195
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0195
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0195
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0195
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0195
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0195
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0195
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0195
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0195
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0195
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0195
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0195
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0195
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0195
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0195
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0195
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0195
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0195
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0195
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0195
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0195
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0195
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0195
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0195
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0195
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0195
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0195
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0195
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0195
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0195
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0195
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0200
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0200
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0200
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0200
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0200
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0200
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0200
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0200
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0200
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0200
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0200
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0200
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0200
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0200
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0200
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0200
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0200
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0200
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0200
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0200
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0200
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0200
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0200
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0200
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0200
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0200
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0200
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0205
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0205
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0205
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0205
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0205
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0205
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0205
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0205
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0205
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0205
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0205
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0205
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0205
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0205
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0205
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0205
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0205
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0205
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0205
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0205
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0205
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0205
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0205
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0205
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0205
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0205
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0205
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0210
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0210
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0210
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0210
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0210
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0210
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0210
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0210
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0210
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0210
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0210
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0210
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0210
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0210
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0210
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0210
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0210
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0210
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0210
http://refhub.elsevier.com/S0013-4686(14)01278-X/sbref0210

	Comparative degradation of indigo carmine by electrochemical oxidation and advanced oxidation processes
	1 Introduction
	2 Experimental
	2.1 Chemicals
	2.2 Reactor setup
	2.3 Analysis

	3 Results and discussion
	3.1 Degradation of indigo carmine by AOPs
	3.1.1 Sonochemical degradation of indigo carmine
	3.1.2 Photo-Fenton degradation of indigo carmine
	3.1.3 TiO2 photocatalytic degradation of indigo carmine

	3.2 Electrochemical degradation of indigo carmine
	3.3 Comparative effect of NaCl on the degradation of indigo carmine by AOPs and electrochemical oxidation
	3.4 Comparative effect of Initial pH on the degradation of indigo carmine by AOPs and Electrochemical Oxidation

	4 Conclusions
	Acknowledgements
	Appendix A Supplementary data
	Appendix A Supplementary data


